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(54) Nitrogen rejection method and apparatus 

(57) Nitrogen is rejected from a feed gas stream 
comprising methane and nitrogen so as to form a meth- 
ane product. The feed gas stream is cooled in a main 
heat exchanger 4, and the cooled feed gas stream is 
rectified in a double rectification column 12 comprising 
a higher pressure rectification column 14. a lower pres- 
sure rectification column 16, and a condenser-reboiler 
18 placing the higher pressure rectification column 14 
in heat exchange- relationship with-the lower pressure 
rectification column 16. At least part of the feed gas 



stream being expanded through a valve 23 Into the high- 
er pressure rectification column 14. the feed gas stream 
being partially liquefied upstream of the double rectifi- 
cation column. Over a period of time, the mole fraction 
of nitrogen in the feed gas stream may increase. The 
operating pressure of the lower pressure rectification 
column 16 is periodically increased in response to in- 
creases in the said mole fraction of nitrogen. A back 
pressure valve 58 may be periodically adjusted to effect 
the increase in pressure. 
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Description 

[0001] This invention relates to a method of and ap- 
• paratus for rejecting nitrogen fronr] a feed gas stream 
comprising methane and nitrogen so as to form a meth- 5 
ane product. 

[0002] It is known to extract natural gas from under- 
ground reservoirs. The natural gas often contains nitro- 
gen. The nitrogen may be in part or totally derived from 
nitrogen which has been injected into the reservoir as io 
part of an enhanced oil recovery (EOR) or enhanced gas 
recovery (EGR) operation. A feature of such operations 
is that the concentration of nitrogen in the natural gas 
tends to increase with the passage of time from about 
5% by volume to about 60% by volume. is 
[0003] US-A-4 415 345 discloses a process for reject- 
ing the nitrogen from the methane in a double rectifica- 
tion column operating at cryogenic temperatures . A dou- 
ble rectification column comprises a higher pressure 
rectification column, a lower pressure rectification col- 20 
umn, and a condenser-reboiler placing the top of the 
higher pressure rectification column in indirect heat ex- 
change relationship with a region, usually the bottom, of 
the lower pressure rectification column. In the process 
according to US-A-4 415 345 a stream of a mixture of 25 
nitrogen and methane is cooled at elevated pressure to 
a temperature suitable for its separation by rectification. 
A part of the feed gas is liquefied. The resulting gas mix- 
ture is separated by rectification in a lower pressure rec- 
tification column having a condenser-reboiler operative- 30 
ly associated with a bottom region thereof. The reboiling 
passages of the condenser-reboiler are heated by pres- 
surised nitrogen. Typically, a part of the nitrogen is sep- 
arated in a higher pressure rectification column and an- 
other part flows in a heat pump circuit to and from the 35 
top of the lower pressure rectification column. At low ni- 
trogen levels in the feed gas the higher pressure recti- 
fication column Is by-passed and all the nitrogen for the 
condenser-reboiler flows in the heat pump circuit which 
is separate from the main heat exchanger used to cool 40 
the feed gas stream. As the nitrogen content in the feed 
gas gradually increases so the higher pressure column 
Is used to provide some of the nitrogen, replacing nitro- 
gen from the heat pump circuit. Eventually, the heat 
pump circuit is closed and the higher pressure column 
produces all the nitrogen. 

[0004] The higher pressure rectification column used 
in the process according to US-A-4 41 5 345 is operated 
with a second condenser-reboiler at its bottom. As a 
consequence, there is a high vapour flow therethrough 50 
and it needs to be of a relatively large diameter even 
though it is operated at maximum capacity only at high 
nitrogen concentrations. 

[0005] It is an aim of the present invention to provide 
a method and apparatus that keeps down the vapour 55 
traffic through the higher pressure rectification column 
and thereby makes it possible to keep down the diam- 
eter of this column. 



[0006] According to the present invention there is pro- 
vided a method of rejecting nitrogen from a feed gas 
stream, comprising methane and nitrogen, so as to form 
a methane product, the mole fraction of nitrogen in the 
feed gas increasing over a period of time, comprising 
cooling the feed gas stream in a main heat exchanger, 
and rectifying the cooled feed gas stream in a double 
rectification column comprising a higher pressure recti- 
fication column, a lower pressure rectification column 
and a condenser-reboiler placing the higher pressure 
rectification column in heat exchange relationship with 
the lower pressure rectification column, at least part of 
the feed gas stream being expanded into the higher 
pressure rectification column, and the feed gas stream 
being partially liquefied upstream of the double rectifi- 
cation column, characterised by periodically increasing 
the operating pressure of the lower pressure rectifica- 
tion column, in response to increases in the said mole 
fraction of nitrogen. 

[0007] The invention also provides apparatus for re- 
jecting nitrogen from a feed gas stream comprising 
methane and nitrogen so as to form a methane product, 
comprising a main heat exchanger for cooling the feed 
gas stream, a double rectification column for rectifying 
the feed gas stream comprising a higher pressure rec- 
tification column, a lower pressure rectification column, 
and a condenser-reboiler placing the higher pressure 
rectification column in heat exchange relationship with 
the lower pressure rectification column, and an expan- 
sion device downstream of the main heat exchanger 
communicating with the higher pressure rectification 
column, the expansion device being arranged so as, in 
use, to introduce a part of the feed gas stream into the 
higher pressure rectification column in liquid state, char- 
acterised in that there is a back pressure regulating 
valve associated with the lower pressure rectification 
column which is operable to increase the pressure in the 
lower pressure rectification column 
[0008] As the mole fraction of nitrogen in the feed gas 
mixture becomes greater with the passage of time, so 
the flow of product methane becomes less, and so less 
of the feed gas mixture is liquefied against the redirect 
flow of the product stream. In consequence, there is a 
tendency for an ever increasing proportion of the feed 
gas mixture to enter the higher pressure rectification col- 
umn in vapour state with the passage of time. Thus, in 
Its normal operating lifetime, which may well exceed ten 
years or more, and last until the reservoir which is the 
source of the feed gas mixture is effectively exhausted, 
the double rectification column may have to cope with 
a very wide range of vapour loadings, posing consider- 
able design problems. The obvious solution to these 
problems would be to arrange for all the feed gas mix- 
ture to enter the higher pressure rectification column in 
vapour state. Therefore, changes in the composition of 
the feed gas mixture would not substantially affect the 
vapour loading of the higher pressure rectification col- 
umn. However, one disadvantage of such a procedure. 
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is that the vapour loading of the higher pressure rectifi- 
cation column would always be at a maxinnum. The 
method and apparatus according to the invention make 
it possible, however, to reduce the effective range of va- 
pour loadings that both rectification columns have to 
face during their operating lifetime. This is primarily be- 
cause increasing the operating pressure of the lower 
pressure rectification brings about a concomitant in- 
crease in the operating pressure of the higher pressure 
rectification column. Increasing the operating pressure 
of the higher pressure rectification column enables it to 
receive more vapour per unit time for operation at a giv- 
en constant percentage of flood. In addition, increasing 
the operating pressure of the higher pressure rectifica- 
tion column tends to reduce the proportion of the feed 
gas mixture that passes but of the expansion device in 
liquid state. These two factors enable the method and 
apparatus according to the invention to be operated with 
a lower range of effective vapour loadings on the higher 
pressure rectification column than would otherwise be 
possible. 

[0009] Preferably, particularly when the mole fraction 
of nitrogen In the feed gas mixture is less than 0.15 a 
first flow of gas is passed as a first recycle gas flow from 
the lower pressure rectification column to the higher 
pressure rectification column. The first recycle gas flow 
is compressed, is cooled in the main heat exchanger, is 
liquefied in a condenser-reboifer, and is introduced into 
the higher pressure rectification column. This counter- 
acts a tendency for the double rectification column to be 
short of reflux when the mole fraction of nitrogen in the 
feed gas mixture is relatively low. particularly when it is 
0.15 or less. 

[0010] A product methane stream is preferably with- 
drawn in liquid state from the lower pressure rectification, 
column, is raised in pressure, and is vaporised at least 
in part in the main heat exchanger. A second recycle 
gas flow from the lower pressure rectification column is 
preferably compressed, is cooled in the main heat ex- 
changer, and is introduced at least partly in liquid state 
into the top of the higher pressure rectification column 
via a second expansion device. Preferably the second 
recycle flow is compressed to a higher pressure than 
the first recycle flow, the higher pressure typically being 
a supercritical pressure. More preferably, the first and 
second recycle flows are compressed in the same plural 
stage compressor, the second recycle flow being taken 
from a stage of the compressor downstream of the one 
from which the first recycle flow is taken. It is. however, 
possible to use separate compressors for these purpos- 
es, or indeed to take all the compressed recycle gas at 
the same pressure and pass it through the same second 
expansion device. In this latter arrangement a two 
phase fluid flow passes out of the second expansion de- 
vice with the vapour part of the two phase flow consti- 
tuting the first recycle gas stream and the liquid part of 
the two phase flow constituting the second recycle flow. 
All these arrangements make it possible for the temper- 



ature - enthalpy profile of the streams being cooled in 
the main heat exchanger to be kept as close match to 
the temperature - enthalpy profile of the streams being 
warmed in the main heat exchanger. As a result the main 
heat exchanger can be operated at a good thermody- 
namic efficiency. 

[0011] The back pressure regulating valve is prefera- 
bly operably associated with means for changing its set- 
ting In response to an increase in the mole fraction of 
nitrogen in the feed gas mixture. If desired, the control 
means may make use of an algorithm relating the opti- 
mum operating pressure of the lower pressure rectifica- 
tion column to the mole fraction of nitrogen in the feed 
gas mixture. Alternatively, and more preferably, the 
pressure regulating valve may be controlled so as to 
maintain a constant percentage recovery of methane in 
the product gas. 

[0012] Preferably^ a vent stream is taken from the first, 
recycle gas flow upstream of its compression and is 
vented from the method and apparatus according to the 
invention. 

[0013] Preferably, there is a flow control valve opera- 
ble to control the size of the first recycle flow. 
[0014] The pressurised liquid product methane 
stream is preferably warmed, without being vaporised, 
in a further heat exchanger upstream of its vaporisation 
in the main heat exchanger. 

[0015] Preferably, all the bottom fraction obtained in 
the higher pressure rectification column is withdrawn 
therefrom and is sent to the lower pressure rectification 
column. There is therefore no reboiling of this fraction 
in the higher pressure rectification column. 
[0016] The method according to the invention will now 
be described by way of example with reference to the 
accompanying drawing^ which. is a schematic flow dia- 
gram of a nitrogen rejection plant. 
[0017] The drawing is not to scale. 
[0018] A stream of natural gas or gaseous nitrogen- 
methane mixture is recovered by known means not 
forming part of this invention from an underground oil or 
gas reservoir. The stream is typically recovered at a 
pressure in the order of 40 bar absolute. The stream 
may be subjected to preliminary treatment (not shown) 
in order to remove any hydrogen sulphide or other sul- 
phur-containing impurity therefrom. Such purification of 
natural gas is well known in the art and need not be re- 
ferred to in further detail herein. After removal of any 
such hydrogen sulphide impurity, the elevated pressure 
methane-nitrogen stream still typically contains water 
vapour impurity. The water vapour is removed by pas- 
sage through a purification unit 2. The purification unit 
2 preferably comprises a plurality of adsorption vessels 
containing adsorbent able selectively to adsorb water 
vapour from the feed gas stream. Such purification units 
typically operate on a pressure swing adsorption or a 
temperature swing adsorption cycle, the latter generally 
being preferred. If the feed gas stream also contains car- 
bon dioxide impurity, the purification unit can addition- 
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ally contain an adsorbent selected for carbon dioxide so 
as to effect the carbon dioxide removal. 
[001 9J The resulting purified feed gas stream now 
. consisting essentially of nitrogen and methane flows 
through a main heat exchanger 4 from its warm end 6 
to its cold end 8. The main heat exchanger 4 comprises 
a plurality of heat exchange blocks preferably joined to- 
gether to form a single unit. Downstream of the main 
heat exchanger 4, the feed gas stream is expanded 
through a throttling valve 23 into a phase separator 10. 
Depending on its pressure, the feed gas stream either 
becomes liquid in the main heat exchanger 4 or on ex- 
pansion through the throttling valve 23. Typically, de- 
pending on its composition, at least 75 mole per cent of 
the feed gas stream is liquefied. In consequence, the 
vapour flow is reduced, thus making possible the use of 
a smaller diameter higher pressure rectification column 
than would otherwise be required. The vapour is di?en- , 
gaged from the liquid in the phase separator 10. A 
stream of the vapour phase flows from the top of the 
phase separator 10 through an inlet 20 into the bottom 
region of a higher pressure rectification column 14fomv 
ing part of a double rectification column 12 with a lower 
pressure rectification column 16 and a condenser-re- 
boiler 1 8 thermally linking the top of the higher pressure 
rectification column 14 to the bottom of the lower pres- 
sure rectification column 16. A stream of the liquid phase 
flows from the bottom of the phase separator 10 into an 
intermediate mass exchange region of the higher pres- 
sure rectification column 14 through another inlet 22. 
Typically the feed gas stream enters and leaves the pu- 
rification unit 2 at a pressure well in excess of the oper- 
ating pressure of the higher pressure rectification col- 
umn 14. As a result, refrigeration for the plant is created 
by passage of the feed stream through, the throttling . 35 
valve 23 with the cold thus operated being given up to 
incoming streams. This refrigeration meets most of the 
refrigeration requirements of the method according to 
the invention and as a result there is typically no need 
to supply any turbo-expander for this purpose. 40 
[0020] The feed gas mixture is separated in the higher 
pressure rectification column 14 into a vaporous nitro- 
gen top fraction and a liquid methane-enriched bottom 
fraction. A stream of the methane-enriched bottom frac- 
tion is withdrawn from the higher pressure rectification 45 
column 14 through a bottom outlet 24 and is sub-cooled 
by passage through a further heat exchanger 26. The 
resulting sub-cooled methane-enriched liquid stream 
flows through a throttling valve 28 and is introduced into 
an intermediate mass exchange region of the lower 50 
pressure rectification column 16. In addition, a liquid 
stream comprising methane and nitrogen is withdrawn 
from an intermediate mass exchange region of the high- 
er pressure rectification column 14 through an outlet 30, 
is sub-cooled by passage through the further heat ex- 55 
changer 26, is passed through a throttling valve 32 and 
is introduced into a second intermediate mass ex- 
change region of the lower pressure rectification column 



16 located above the first intermediate mass exchange 
region. 

[0021] The streams comprising methane and nitrogen 
are separated in the lower pressure rectification column 
5 1 6 in order to form a top nitrogen vapour fraction and a 
bottom product liquid methane fraction. A stream of the 
bottom fraction is withdrawn through an outlet 40 from 
the lower pressure rectification column 16 and is raised 
in pressure by operation of a pump 42. The resulting 
10 pressurised product liquid methane stream is passed 
through the further heat exchanger 26 countercurrently 
to the streams being sub-cooled therein. The pressuri- 
sation of the product liquid methane stream has the ef- 
fect of raising its pressure above its saturation pressure. 
15 Thus, in effect, the pressurised liquid methane product 
stream is in sub-cooled state as it enters the further heat 
exchanger26. It is warmed in the further heat exchanger 
, ... 26 to rempye.the sub-cpoling. Preferably, no vaporisa^ 
tion of the liquid methane product stream takes place in 
20 the further heat exchanger 26. The warmed liquid meth- 
ane product stream passes from the heat exchanger 26 
through the main heat exchanger 4 from its cold end 6 
to its warm end 8. It is vaporised as it passes through 
the main heat exchanger 4. The vaporised methane 
25 product is compressed to a desired product delivery 
pressure in a product compressor 58. 
[0022] Reflux for the higher pressure rectification col- 
umn 14 and the lower pressure rectification column 16 
is formed by taking nitrogen vapour from the top of the 
higher pressure rectification column 14 and condensing 
it in the condensing passages of the condenser-reboiler 
1 8. A part of the resulting condensate is returned to the 
higher pressure rectification column 14 as reflux. The 
remainder is sub-cooled by passage through the further 
heat exchanger 26 and is passed through a throttling 
valve 44 into the top of the lower pressure rectification 
column 16 and therefore provides liquid reflux for that 
column. 

[0023] A nitrogen vapour stream is withdrawn from 
the top of the lower pressure rectification column 16 
through an outlet 46. is warmed by passage through the 
further heat exchanger 26. The resulting warmed nitro- 
gen stream is further warmed to approximately ambient 
temperature by passage through the main heat ex- 
changer 4 from its cold end 8 to its warm end 6. The 
warmed nitrogen flow is divided into three sub-streams. 
One sub-stream is compressed in a recycle compressor 
48 having a plurality of stages. A second sub-stream of 
the warmed nitrogen from the main heat exchanger 4 is 
employed in the regeneration of the adsorbent beds in 
the purification unit 2. A third sub-stream of the nitrogen 
is vented to atmosphere through a vent pipeline 50 as 
a waste stream. The relative size of the recycle stream 
is determined by the position of an adjustable flow con- 
trol valve 52 on the inlet side of the recycle compressor 
48. 

[0024] The recycle gas flow entering the compressor 
48 is divided into two parts. One stream passes through 
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ail the stages of the compressor and flows through the 
main heat exchanger 4 from its warm end 6 to its cold 
end 8. The resulting cooled stream of nitrogen is re- 

• turned to an upper region of the higher pressure rectifi- 
cation column 14 through a throttling valve 54. The ni- 
trogen is typically compressed to a supercritical pres- 
sure in the recycle compressor 48 and is cooled In the 
main heat exchanger 4 to a temperature sufficiently low 
for it to be liquefied by expansion through the throttling 
valve 54. The flow of this part of the recycle gas through 
the main heat exchanger4 helps to match the composite 
temperature - enthalpy profile of the streams being 
cooled in the main heat exchanger 4 more closely to that 
of the streams being warmed therein. 
[0025] An intermediate pressure stream is also with- 
drawn from the compressor 48 and is cooled by passage 
through the main heat exchanger 4 from Its warm end 

^6 to its cold end 8. The intermediate pressure gas re- 
mains in gaseous state as it passes through the main 
heat exchanger 4 from Its warm end 6 to its cold end 8. 
The intermediate pressure nitrogen Is introduced into an 
upper region of the higher pressure rectification column 
14 through an inlet 56. The intermediate pressure is 
therefore chosen to be essentially the operating pres- 
sure of the higher pressure rectification column 14. 
[0026] The part of the recycle gas that flows from the 
lower pressure rectification column 16 to the higher 
pressure rectification column 14 via the Inlet 56 per- 
forms a heat pumping duty which enhances the produc- 
tion of liquid reflux for the rectification columns 14 and 
16. 

[0027] Initially, the purified feed gas stream typically 
contains about 95 mole percent of methane and 5 mole 
per cent of nitrogen. The lower pressure rectification col- 
umn 16 is operated at a pressure at its bottom of about 
1 .9 bar absolute. This sets the temperature at which the 
bottom fraction in the lower pressure rectification col- 
umn boils. This temperature is one or two degrees Kel- 
vin lower than the temperature at which the nitrogen top 
fraction separated in the higher pressure rectification 
column 14 is condensed in the condensing passages of 
the condenser-reboiler 18. As a result the pressure in 
the lower pressure rectification column 16 sets the con- 
densing pressure in the condenser-reboiler 18 and 
hence the operating pressure at the top of the higher 
pressure rectification column 14. When the pressure at 
the bottom of the lower pressure rectification column 16 
is in order of 1 .3 bar absolute the operating pressure at 
the top of the higher pressure rectification column is in 
the order of 17 bar. Increasing the pressure at the bot- 
tom of the lower pressure rectification column 16 has 
the effect of producing a resultant increase in the oper- 
ating pressure at the top of the higher pressure rectifi- 
cation column 14. 

[0028] The pressure in the lower pressu re rectification 
column 16 controlled by a back pressure regulating 
valve 58 in the outlet 46 for nitrogen from the lower pres- 
sure rectification column 16. The back pressure regu- 



lating valve 58 In controlling the pressure in the lower 
pressure rectification column 16 effectively controls the 
pressure at the top of the higher pressure rectification 
column 14. At first, the back pressure regulating valve 
5 54 is typically arranged to be in a fully open or non-reg- 
ulating position. 

[0029] Methane is considerably less volatile than ni- 
trogen. The initial feed gas composition is therefore rel- 
atively easy to liquefy as it contains a preponderance of 

10 methane. Typically, with a feed pressure of 40 bar ab- 
solute and a higher pressure rectification column 14 op- 
erating pressure of about 22 bar absolute, in the order 
of 75% by volume or more of the feed gas can be lique- 
fied. The liquefaction of such a high proportion of the 

15 feed gas stream substantially reduces the vapour load- 
ing on the higher pressure rectification column 14 in 
comparison with what it would be if none of the feed gas 
stream were liquefied. ... ...... 

[0030] In a typical enhanced oil recovery or enhanced 

20 gas recovery operation the proportion of nitrogen in the 
feed gas mixture gradually increases over the operating 
life of the well from about 5 mole per cent to 60 mole per 
cent. As the proportion of nitrogen increases in the feed 
gas mixture, so it becomes more difficult to liquefy and 

25 hence so the proportion of liquid in the fluid exiting the 
valve 23 gradually decreases. This has the effect of in- 
creasing the vapour loading on the higher pressure rec- 
tification column 14 even though the volumetric flow rate 
of the feed gas mixture remains unaltered. 

30 [0031] It is customary to design a distillation column 
so that at maximum specified vapour loading it operates 
quite close to its flood point, say. at 80 to 90% of flood. 
The increase in the vapour loading that would take place 
as the mole percentage of nitrogen in the feed gas mix- 

35 ture increases from 10 to 60% is well in. excess of that 
which would cause the column 14 to flood were its di- 
ameter to be selected such as to cause it to operate 
close to the flood point when the nitrogen mole percent- 
age is at the bottom of its range. The effect of increasing 

40 nitrogen mole fraction in the feed gas can to some extent 
be mitigated by initially operating the higher pressure 
rectification column 14 at a lower vapour loading than 
80% of flood and thereby increase the hydraulic oper- 
ating range of the column. The ability to turn down a liq- 

45 uid-vapour contact column depends on the choice of 
column internals to effect mass exchange between as- 
cending vapour and descending vapour In general, 
structured packing offers a greater degree of turndown 
than conventional liquid-vapour contact trays, be they 

50 of the bubble cap or sieve type. Accordingly, if structured 
packing is employed in the higher pressure rectification 
column 14. this enables it to be operated with a vapour 
loading of. say. about 50% of the flood point when the 
initial nitrogen mole fraction in the natural gas is 0.1. 

55 Even so. since the vapour loading is likely to increase 
more than twofold during the lifetime of the enhanced 
oil recovery or enhanced gas recovery operation, this 
measure of itself is unlikely to be entirely satisfactory. 
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Further, it may be economically disadvantageous to 
build a column 14 which is initially considerably over- 
sized if it is to be operated for several years at substan- 
• tially less than an optimum vapour loading. 
[0032] The method and apparatus according to the in- 
vention enable this problem to be mitigated by making 
use of the back pressure regulating valve 58 to control 
the pressure in the lower pressure rectification column 
16 and hence the pressure In the higher pressure recti- 
fication column 14 so as to compensate for increasing 
nitrogen mole fraction in the higher pressure rectification 
column 14. In one arrangement the mole fraction of 
methane in the feed gas stream (either upstream or 
downstream of the purification unit), the mole fraction of 
methane in the product stream withdrawn from the outlet 
40, and the flow rate of the product stream are all mon- 
itored and the percentage recovery of methane auto- 
matically calculated by appropriate processcontrol soft- 
ware. The arrangement is such that the automatically 
calculated value of the methane recovery is used to con- 
trol the setting of the back pressure regulating valve 58. 
For example, the control may be arranged to raise the 
pressure in the lower pressure rectification column 16 
and hence the higher pressure rectification column 14 
if the recovery of methane Instantaneously falls below 
98.5% and the pressure drop in the higher pressure rec- 
tification column rises. A fall in product methane recov- 
ery could be caused by the vapour loading of the higher 
pressure rectification column rising to a level too close 
to the flood point, thereby causing the degree of sepa- 
ration in the higher pressure rectification column 14 to 
be reduced with the result that the impurity level in the 
product streams formed in the lower pressure rectifica- 
tion column 16 is increased. Increasing the pressure in 
the lower pressure, rectification column 16 by resetting 
of the valve 58 increases the pressure in the higher pres- 
sure rectification column 14 thus reducing the vapour 
loading. 

[0033] There is, however, another effect of an increas- 
ing mole fraction of nitrogen in the feed gas which unlike 
its effect on the vapour loading of the column 14 favours 
high recovery of methane product. This effect is that with 
increasing nitrogen mole fraction there is an increased 
flow of vapour from the top of the column 14 into the 
condensing passages of the condenser-reboiler 18. Ac- 
cordingly, more reflux is provided for the double rectifi- 
cation column. This makes it easier to separate the 
methane product. Under these conditions, the amount 
of nitrogen that is recycled from the tower pressure rec- 
tification column 16 to the higher pressure rectification 
column 14 can be reduced to keep down the power con- 
sumption of the recycle compressor. Such an adjust- 
ment can be made by changing the setting of the valve 
52. The methane recovery may be used to control the 
valve 52 analogously to the valve 58. The operator of 
the plant therefore has two parameters to employ in con- 
trolling the process, namely the size of the flow through 
the valve 52 and the pressure at the top of the lower 



pressure rectification column 16. 
[0034] It is preferred that the rate of recycle of nitrogen 
from the lower pressure column 16 to the higher pres- 
sure column 14 be at a maximum when the mole fraction 
5 of nitrogen in the feed gas stream is at a minimum. Pro- 
vided that so doing does not move the higher pressure 
rectification column 14 too close to flood for product re- 
covery to be maintained, it is normally preferred that the 
rate of recycle of nitrogen be progressively reduced as 
10 the mole fraction of nitrogen in the feed gas stream is 
increased. This is so as to minimise the powerconsump- 
tion of the method and apparatus according to the in- 
vention. One exception is if power is available particu- 
larly cheaply at the site where the method according to 
15 the invention is operated. It can then be advantageous 
to operate the higher pressure column 14 at a higher 
pressure, thus making separation more energy inten- 
sive therein, and. recycle more nitrogen from the lower 
pressure column 16 to the higher pressure column 14 
20 than would otherwise be necessary. Typically, however, 
increasing the operating pressure of the rectification col- 
umn 14 and 16 by resetting the valve 58 can with ad- 
vantage be deferred until recycle of nitrogen has been 
reduced to a minimum. Typically, once the mole fraction 
25 of nitrogen in the feed gas has reached, say. 30% by 
volume, the passage of nitrogen through the inlet 56 is 
halted. It is still at such feed compositions desirable to 
continue to pass liquid nitrogen into the top of the higher 
pressure rectification column 14 via the expansion valve 
30 54 so as to maintain a good match in the heat exchanger 
of the temperature - enthalpy profile of the streams be- 
ing warmed with those being cooled. Accordingly even 
if the inlet 56 is closed, it is preferred to maintain a suf- 
ficient flow of recycle gas through the recycle compres- 
35 sor to enable liquid to pass frorn the expansion valve 54 
to the higher pressure rectification column 14 at the req- 
uisite rate. 

[0035] The higher pressure rectification column 14 
cannot of course be operated at critical pressure or 

40 above. There is therefore a ceiling on the range of op- 
erating pressure for this column. Thus, it is not desirable 
to increase the operating pressure of the higher pres- 
sure rectification column 14 much above about 29 bar 
absolute. Accordingly, we prefer to ensure that the op- 

45 erating pressure of the lower pressure rectification col- 
umn 16 does not exceed about 3.5 bar absolute at its 
top. 

[0036] Even if operation of the higher pressure recti- 
fication is started at a low vapour, loading, say, one from 

50 one half to three quarters of that at flood point, the final 
nitrogen mole fraction in the feed gas may be so high 
that it becomes impossible to maintain a methane re- 
covery of 98.5% or more over the full operating life of 
the method and apparatus according to the invention. If 

55 a drop In the methane purity towards the end of the op- 
erating life of the well or reservoir from which the feed 
gas is obtained is not tolerable, there is one other meas- 
ure that can be adopted. This measure is to use two dou- 
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ble rectification columns 1 2 in parallel with one another 
which share a common nnain heat exchanger 4 and a 
common sub-cooling heat exchanger 26. Typically, only 
one of the double columns 1 2 is employed for of the full 
operating life of the well or reservoir and the other dou- 5 
ble column 12 is brought into use only towards the end 
of this operating life. If desired, both double columns 
may be installed together or one can be retro-fitted to 
the other. The use of such parallel double columns Is 
described in and is the subject of a further patent appli- 
cation by this applicant which claims convention priority 
from GB patent application No. 0116977.0. 
[0037] The method and apparatus according to the in- 
vention make it possible to select the size and the power 
consumption of a nitrogen rejection plant according to is 
prevailing economic circumstances. 
[0038] Various changes and modifications may be 
made to the method and apparatus according to the in-. - . 
vention. For example, the recycle nitrogen flow, or some 
of it. can pass through a discrete heat exchanger sepa- 20 
rate from the main heat exchanger 4. 



Claims 

1. A method of rejecting nitrogen from a feed gas 
stream comprising methane and nitrogen so as to 
form a methane product, the mole fraction of nitro- 
gen in the feed gas increasing over a period of time, 
comprising cooling the feed gas stream In a main 
heat exchanger, and rectifying the cooled feed gas 
stream in a double rectification column comprising 
a higher pressure rectification column, a lower pres- 
sure rectification column and a condenser-reboiler 
placing the higher pressure rectification column in 
heat exchange relationship with the lower pressure 
rectification column, at least part of the feed gas 
stream being expanded Into the higher pressure 
rectification column, and the feed gas stream being 
partially liquefied upstream of the double rectifica- 
tion column, characterised by periodically increas- 
ing the operating pressure of the lower pressure 
rectification column In response to increases in the 
said mole fraction of nitrogen. 

2. A method according to claim 1 . characterised in 
that a first flow of gas is passed as a first recycle 
gas flow from the lower pressure rectification col- 
umn to the higher pressure rectification column. 

3. A method according to claim 2. characterised in 
that the first recycle gas flow is compressed, is 
cooled in the main heat exchanger, is liquefied in a 
condenser-reboiler. and Is Introduced into the high- 
er pressure rectification column. 

4. A method according to claim 2 or claim 3. charac- 
terised in that a product methane stream is with- 



drawn in liquid state from the lower pressure recti- 
fication column, is raised In pressure, and is vapor- 
ised at least in part in the main heat exchanger. 

5. A method according to claim 4. charact rised in 
that a second recycle gas flow is taken from the low- 
er pressure rectification column, is compressed, is 
cooled in the main heat exchanger, and is intro- 
duced at least partly in liquid state Into the top of the 
higher pressure rectification column. 

6. A method according to claim 5. characteris d in 
that the second recycle gas flow is compressed to 
a higher pressure than the first recycle gas flow. 

7. A method according to claim 5 or claim 6. charac- 
terised in that the first and second recycle gas 
flows are compressed in the.,same plural.stage com- 
pressor, the second recycle flow being taken from 
a stage of the compressor downstream of the one 
from which the first recycle flow is taken. 

8. A method according to any one of claims 2 to 7, 
characterised in that a vent stream is taken from 
the first recycle gas flow upstream of its compres- 
sion and is vented. 

9. A method according to any one of the preceding 
claims, characterised in that the pressure in the 

. lower pressure rectification column Is adjusted so 
as to maintain a constant percentage recovery of 
methane in the product gas. 

10. A method according to any one of the preceding 
claims, characterised in that all the bottonri fraction 
obtained in the higher pressure rectification column 
is withdrawn therefrom and is sent to the low pres- 
sure rectification column. 

11. Apparatus for rejecting nitrogen from a feed gas 
stream comprising methane and nitrogen so as to 
form a methane product, comprising a main heat 
exchangerfor cooling the feed gas stream, a double 
rectification column for rectifying the feed gas 
stream comprising a higher pressure rectification 
column, a lower pressure rectification column, and 
a condenser-reboiler placing the higher pressure 
rectification column in heat exchange relationship 
with the lower pressure rectification column, and an 
expansion device downstream of the main heat ex- 
changer communicating with the higher pressure 
rectification column, the expansion device being ar- 
ranged so as, In use , to introduce a part of the feed 
gas stream into the higher pressure rectification col- 
umn in liquid state, characterised in that there is 
a back pressure regulating valve associated with 
the lower pressure rectification column which Is op^ 
erable to increase the pressure in the lower pres- 
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sure rectification column. 

12. Apparatus according to claim 11, characterised in 
that the back pressure regulating valve is able to 
be controlled so as to maintain a constant percent- 5 
age recovery of methane in the product gas. 
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